Abstract-The rigorous competition has become a crucial challenge for Chinese telecommunications companies. This paper employs the analytic hierarchy process (AHP) approach to evaluate the competition of telecom companies. Specifically, the model proposed in the paper can be used to establish related factors and consequently their weights that are applied to calculate the competition index of telecommunications companies. In the case study, the paper employs the data from a questionnaire survey and the results indicate that the market shares have the highest weight and management is very important to build up the competition of telecommunications companies. Meanwhile, the results also find that using the AHP model can reduce time in evaluating competition of telecommunications companies.
INTRODUCTION
In recent years, increasing attention has been devoted to understanding the telecom competition, such as Dickson [1] , Zviran [2] and so on. Dickson identified 23 different criteria for competition evaluation of telecom companies including quality, delivery, performance history, price and financial position and so on. The studies of Zviran identified a number of criteria with respect to financial, technical and operational aspects that are applicable to evaluating the competition of a telecom company. These factors can be grouped into three major categories of cost, technical and operational success factors. Many Chinese institutions and scholars also paid much attention to this issue. China Academy of Telecommunications Research of MII publishes a researching report each year. These reports synthetically considered many factors and then ranked the telecom companies in the world. Timmerman [7] identified 15 criteria for evaluating competition of telecom companies. These factors can be grouped into five major categories of employee competition, innovation competition, organizing competition, marketing competition and relationship competition. Chen Yubao and Xin Zhanhong [5] gave a two overall fuzzy evaluation on core of competition and measured the index system, which lay a strong foundation for fostering core competition of telecom companies. Peng Yunfei and Ma Chaoqun [6] considered such elements as the whole process and the whole net coverage, the recourses, capacity and the environment run in many angles and estimated two factors (interior factor and market factor) in evaluating the competition of telecom companies.
Even though increasing literature has studied the competition of telecom companies, however, since the decision-making process may not systematic, they may not include all relevant criteria. Therefore, there is a need for developing a systematic selection process in identifying relevant evaluating criteria. This paper investigates the feasibility of applying the Analytic Hierarchy Process (AHP) approach in selection of relevant factors for evaluating the competition of telecom companies. In Section 2, we will briefly introduce the AHP approach. And in Section 3 the paper apply the AHP approach and identify evaluating criteria from 23 different factors for evaluating the competition of telecom companies. Finally, we conclude the paper in Section 4.
II. A BRIEF REVIEW OF AHP
The AHP is a decision-aiding method developed by Saaty. It aims to quantify relative priorities for a given set of alternatives on a ratio scale, based on the judgment of the decision-maker as well as the consistency of the comparison of alternatives in the decision-making process. Specifically, Saaty [4] developed the following steps for applying the AHP: (1) Define the problem and determine its goal. And structure the hierarchy from the top (the objectives) through the intermediate levels (criteria and subcrireria) to the lowest level which usually contains the list of alternatives. (2) Construct a set of pair-wise comparison matrices (size n×n, where n is the matrix size) for each of the lower levels with one matrix for each element in the level immediately above by using the relative scale measurement shown in Table 1 . The pair-wise comparisons are done in terms of which element dominates the other. (3) There are n(n-1)/2 judgments required to develop the set of matrices in step 3. Reciprocals are automatically assigned in each pair-wise comparison. (4) Hierarchical synthesis is now used to weight the eigenvectors by the weights of the criteria and the sum is taken over all weighted eigenvector entries corresponding to those in the next lower level of the hierarchy. (5) Having made all the pairwise comparisons, the consistency is determined by using the eigenvalue,λ max , to calculate the consistency index (CI) as follows: CI=( λ max -n)/(n-1). Judgment consistency can be checked by taking the consistency ratio (CR) with the appropriate value in Table 2 . If it does not exceed 0.10, the CR is acceptable. If it is more, the judgment matrix is inconsistent. To obtain a consistent matrix, judgments should be reviewed and improved. (6) Steps 3-6 are performed for all levels in the hierarchy. 
A. Identifying the Criteria and Subcriteria
Many scholars have chosen different criteria to evaluate the competition of telecom companies. Roughly speaking, these indices can be grouped into four categories-technical factors, market factors, management factors and capital factors. The technical factors include the rate of dropped calls, effective coverage and call completion rate. The market factors consist of the number of users, rate of off-grid users, customer satisfaction, brand image and charge standard. The management factors include market shares, net revenue, labor productivity, market growth rate, income, staff cohesiveness, leadership index, ARPU and Market value/book value. The last is capital factor. It consists of return on investment, assetliability ratio, profit-tax rate of capital, capital investment, capital cohesion and EVA.
In order to determine the evaluating factors in our study, we conducted a survey involving employee and manager in telecom companies, and researchers in the university and researching institution, etc. 1 In order to identify relevant subcriteria, the respondents were asked to rate each factor using the five-point scale of "very important", "important", "somewhat important", "unimportant" and "very unimportant". We copied 55 questionnaires and got 49 effective questionnaires at last. The results of the survey are summarized in Table 3 .In order to identify the evaluating subcriteria, the cutoff value is employed. The cutoff value of each category here is calculated from the mean of each factor in this category. The four cutoff values are 4.715, 4.580, 4.461 and 4.479. Consequently, we identified the subcriteria that their mean value is more than the corresponding cutoff value as the subcriteria in our study and listed their in Table 4 . Meanwhile, the hierarchy of the problem is developed as shown in Fig. 1 
B. Application of the AHP Model to the Competition Evaluation of Telecom Companies
After identifying the criteria and the subcriteria, the AHP model can be used to evaluate the competition of telecom companies. Since we have four criteria, we need to structure one pair-wise comparison judgment matrix and four pair-wise comparison judgment matrices for the criteria and subcriteria respectively.
In the process of calculation, the software system called Expert Choice is used to determine the weights. The results of pair-wise comparison judgment matrices are shown in Table 5 -9. The consistency ratio (CR) is also shown below each matrix. It can be seen that the consistency ratio of each matrix is less than 0.10, the judgments are acceptable. After determining the global weight of each factor, the following stage is to compare the competition of telecom companies. We follows the way that developed by Liberatore [3] .As suggested by Liberatore [3] , a five-point rating scale of outstanding (O), good (G), average (A), fair (F) and poor (P) is adopted. In this paper, we assume the difference in relative importance between two adjacent scales with respect to a particular scale is constant at 2 times. The resulting priority weights of outstanding, good, average, fair and poor are found as 0.513, 0.261, 0.129, 0.063 and 0.034 by using Expert Choice, respectively.
Meanwhile, we choose three telecom companies which are represented by 1, 2 and 3 as compared objectives. Based on the Annual Report of each company, we identify the rating scale and the score of each factor and evaluate the competition. The result is shown in Table 11 . From the results, we can find that company 1 had the highest score. It could be concluded that company 1 has absolute competition and identify the importance of each factor. From Table 11 , we can know market share is the most important factor in determining the competition of telecom companies.
IV. CONCLUSIONS
Competition is very important to a telecom company in the 21st century. In this paper we first identified four criteria and eleven subcriteria, and then formulated an AHP-based model to evaluate the competition of telecom companies as shown in Firgue 1. After finding the global weights, they can be applied to determine the competition of telecom companies.
In the case study, it is indicated that company 1 has the best competition and the market shares has the biggest weight. In all four criteria, management factors which include market shares, net revenue and labor productivity have the highest weights. This result shows that the management is very pivotal to build up the competition of telecom companies. Meanwhile, the proposed model here can significantly reduce the time in competition evaluation. If new criteria and subcriteria emerge to satisfy the evaluating problem, they can be included in the AHP model conveniently. It should be noted, however, that the data collection and computational problem would increase in this situation. 
